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Abstract 
Investigated the relationship between the parameters of static plasticity and strength based on the mechanical properties of alloy 
steels. Well known theoretical and applied interest is the relationship between indicators static plasticity and hardness. For 
establishing considered the mechanical properties of alloy steels after different modes of sorbitizing and quenching with 
autotempering. In the study had used previously proposed dimensionless coefficients. In most of the reviewed options steels after 
sorbitizing and quenching with autotempering there is a close correspondence of the calculated and experimental values temporal 
tear resistance. 
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1. Introduction 
Correlations among indexes (coefficients, criteria) of static plasticity (G, \)  and strength (ɇȼ, Vy, Vf) are of 
theoretical and applied interest. To establish it investigated mechanical properties of alloy steels after different modes 
of sorbitizing and quenching with autotempering [1]. 
In the study used a previously proposed [2, 3] dimensionless coefficients of plasticity at the next form 
 ,)1( /1 GG G K )1/()1( /1 GG\\ \ ɄɄK                             (1) 
Subject to experimental verification dependence described by the following equations 
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 ,HBKf GV                     (2) 
 ,)1( 5.0\VV Ʉyf                    (3) 
 ,)]1/()21[( 5.0GGVV KɄyf                   (4) 
 .)](5.01[ 5.0\GVV KKyf                                                                                         (5) 
Note that the equation (4) is identically (3) and can be used in the absence of plasticity index \. Equation (5) 
provides for the use of the average values ɄG  and Ʉ\. 
2.  Calculated data 
To investigate the options chosen steels after sorbitizing (tab.1) after quenching with autotempering (tab.2) 
Table 1. Mechanical properties of steels after a sorbitizing. 
Steel brand 
ıy, 
MPa 
ıf, 
MPa 
į, 
% 
Ȍ, 
% 
ɇȼ Ʉį ɄȌ 
ıf, MPa, 
according to the formula: 
(2) (3) (4) (5) 
50G2 810 
900 
730 
815 
930 
1035 
830 
950 
11.5 
8.5 
13.0 
11.5 
42.5 
45 
53.0 
49.5 
232 
321 
255 
262 
0.346 
0.352 
0.323 
0.346 
0.257 
0.260 
0.255 
0.287 
802 
1129 
874 
906 
914 
1010 
813 
925 
914 
1010 
813 
925 
924 
1029 
829 
935 
40H 860 
750 
900 
780 
915 
1080 
975 
840 
1020 
900 
1050 
1200 
10.0 
13.0 
10.0 
12.5 
9.0 
6.0 
50.0 
50.0 
48.0 
50.0 
46.5 
38.0 
286 
269 
302 
269 
321 
430 
0.349 
0.343 
0.349 
0.344 
0.351 
0.357 
0.259 
0.255 
0.259 
0.256 
0.260 
0.263 
997 
923 
1054 
925 
1125 
1535 
965 
840 
1010 
874 
1027 
1214 
965 
840 
1010 
874 
1027 
1214 
982 
855 
1028 
889 
1045 
1236 
38HGN 1020 
900 
1020 
1135 
1150 
1010 
1150 
1280 
16 
20 
17 
11.5 
50.5 
56.0 
51.0 
45.5 
311 
286 
311 
364 
0.336 
0.328 
0.334 
0.346 
0.252 
0.247 
0.250 
0.257 
1046 
934 
1039 
1259 
1141 
1005 
1141 
1272 
1141 
1005 
1141 
1272 
1160 
1018 
1159 
1295 
The study can formulate the following main conclusions: 
1. The options considered in most steels after sorbitizing and quenching autotempered closest match between the 
calculated and experimental values of the ultimate tensile strength is observed when using dependence (5). The 
discrepancy between the compared values is within '=0.0-8.3 in the case of quenching autotempered and  
'=0.1-3.0% after sorbitizing steels. 
2. When the numerical identity of the expressions (3) and (4) the calculation of the formula (3) is preferable because 
of its simplicity and greater efficiency calculation. 
3. Satisfactory agreement between the calculated and experimental values of tensile strength by using the formula 
(2) confirms the physical meaning of ductility factor Ʉį as the proportionality factor in the qualitative dependence 
ıf=ɄǜHB. Using this factor Kį specifies the relationship and excludes a priori selection coefficient K. 
This dependence is attached Da largest sense of relative contraction of the surface layer due to wear. Then equation 
(6) can be written as 
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Table 2. Mechanical properties of steels after quenching autotempered. 
Steel brand ıy, 
MPa 
ıf, 
MPa 
į,  
% 
Ȍ, 
 % 
ɇȼ Ʉį ɄȌ ıf, MPa, 
according to the formula: 
', % 
(2) (3) (4) (5) 
50G2 900 
950 
740 
780 
1030 
1060 
860 
915 
9.5 
10.0 
15.5 
12 
48 
46 
54 
57 
302 
340 
262 
286 
0.350 
0.349 
0.337 
0.345 
0.259 
0.259 
0.252 
0.256 
1057 
1186 
883 
987 
1010 
1066 
828 
874 
1010 
1066 
828 
874 
1028 
1085 
842 
890 
0.2 
2.3 
2.1 
2.7 
40H 900 
700 
915 
775 
1020 
810 
1045 
890 
11.0 
15 
9.5 
11.5 
49 
56 
46 
52 
302 
277 
311 
293 
0.347 
0.338 
0.350 
0.346 
0.257 
0.253 
0.259 
0.257 
1048 
937 
1089 
1014 
1009 
784 
1027 
802 
1009 
784 
1027 
802 
1027 
797 
1045 
816 
0.7 
1.6 
0.0 
8.3 
38HGN 1030 
1170 
1000 
900 
1170 
1300 
1120 
1040 
17 
12 
16 
20 
48.5 
42 
47 
52 
332 
402 
321 
286 
0.334 
0.345 
0.336 
0.328 
0.251 
0.256 
0.252 
0.247 
1109 
1387 
1079 
938 
1152 
1311 
1119 
1005 
1152 
1311 
1119 
1005 
1171 
1334 
1138 
1021 
0.084 
2.6 
1.6 
1.8 
Results of calculations of ɄS are given in table 3. Here the Vf values calculated on an offered formula  
ysɄ VV  f                                                                                                                              (7)  
Table 3. Indicator of hardening of ɄS  (steels after a sorbitizing). 
Steel  
grade 
Ȍ ɄS (1+Ʉ\)0.5 '1, 
% 
ıf, MPa 
by ɄS (8) 
'2, 
% 
(1+ɄG)0.5 '3, 
% 
ɄS0.5ıy ', 
% 
50G2 0.425 
0.45 
0.53 
0495 
1.102 
1.153 
1.275 
1.229 
1.121 
1.122 
1.120 
1.134 
1.7 
2.7 
13.8 
8.3 
893 
1038 
930 
1001 
4.0 
0.3 
2.0 
5.4 
1.160 
1.163 
1.150 
1.160 
5.0 
0.8 
10.9 
5.9 
85 
96.6 
82.4 
90.4 
8.6 
6.6 
0.7 
4.9 
40H 0.50 
0.50 
0.48 
0.50 
0.465 
0.38 
1.236 
1.236 
1.206 
1.236 
1.180 
0.995 
1.122 
1.120 
1.122 
1.121 
1.122 
1.124 
10.2 
10.3 
7.5 
10.3 
5.1 
11.5 
1063 
927 
1085 
964 
1080 
1086 
9.0 
10.4 
6.4 
7.1 
2.8 
9.5 
1.161 
1.159 
1.161 
1.159 
1.162 
1.165 
6.4 
6.7 
4.5 
6.6 
1.5 
14.6 
95.6 
83.4 
98.8 
86.7 
99.4 
107.7 
1.9 
0.7 
3.1 
3.6 
5.3 
10.2 
38HGN 0.505 
0.56 
0.51 
0.455 
1.243 
1.306 
1.250 
1.163 
1.119 
1.117 
1.118 
1.121 
11.1 
16.9 
11.8 
3.7 
1268 
1175 
1275 
1319 
10.2 
16.4 
10.9 
3.1 
1.156 
1.152 
1.155 
1.160 
7.5 
13.3 
8.2 
0.3 
113.7 
102.9 
114 
122.4 
1.1 
1.8 
0.8 
4.4 
By results of table 3 it is possible to draw conclusions: 
1. The indicator of strain hardening of ɄS will well be coordinated with values of a factor (1+Ʉ\)0.5 ('1) makes 1.7-
13.8% for steel 50G2; ('1) 5.1-11.5% for steel 40H; ('1) 3.7-16.9% for steel 38HGN). Minimal discrepancy ('3) ɄS 
is observed with (1+ɄG)0.5: 0.8-10.9% for steel 50G2; 4.5-14.6% for steel 40H; 0.3-13.3% for steel 38HGN. 
2. Calculation for offered dependence (8) shows possibility of determination of tensile strength ıɜ by means of 
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coefficient ɄS and a yield strength ıɬ in case of deviations between the calculated and experimental values ıɜ in 
intervals of 0.3-5.4% for steel 50G2; 2.8-10.4% for steel 40H; 3.1-16.4% for steel 38HGN. Even fewer discrepancy 
achieved when calculating the adjusted formulas ıf=ɄS0.5ıy ('=0.7-10.2%) and ıy=(1+ɄG)0.5 ('=0.47-4.8%). 
Table 4. Indicator of hardening of ɄS (steels after quenching with autotempering). 
Steel  
grade 
Ȍ ɄS (1+Ʉ\)0,5 '1, 
% 
ıf, MPa 
by ɄS (8) 
'2, 
% 
(1+ɄG)0,5 '3, 
% 
ɄS0,5ıy ', 
% 
50G2 0.48 
0.46 
0.54 
0.57 
1.206 
1.172 
1.286 
1.315 
1.122 
1.122 
1.119 
1.121 
7.5 
4.3 
14.9 
17.3 
108.5 
11.3 
95.2 
102.6 
5.3 
5.0 
10.7 
12.1 
1.162 
1.161 
1.156 
1.160 
3.8 
0.9 
11.2 
13.4 
98.84 
102.8 
83.9 
89.4 
4 
3 
2.4 
2.2 
40H 0.49 
0.56 
0.46 
0.52 
1.221 
1.306 
1.172 
1.263 
1.121 
1.119 
1.122 
1.121 
8.9 
16.7 
4.5 
12.7 
109.9 
94.4 
107.2 
97.9 
7.8 
12.9 
2.6 
10.0 
1.161 
1.157 
1.162 
1.160 
5.2 
12.9 
0.9 
8.9 
99.4 
80 
99.0 
87.1 
2.5 
1.2 
5.2 
2.1 
38HGN 0.485 
0.42 
0.47 
0.52 
1.214 
1.092 
1.189 
1.263 
1.118 
1.121 
1.119 
1.117 
8.5 
2.6 
6.3 
13.0 
125.0 
127.7 
118.9 
113.6 
6.8 
1.8 
6.2 
9.3 
1.155 
1.160 
1.156 
1.152 
5.1 
5.8 
2.9 
9.6 
113.5 
122.3 
109 
101.1 
3 
6 
2.6 
2.7 
From results of table 4 conclusions follow: 
1. Between of ɄS and (1+Ʉ\)0.5 satisfactory numerical compliance with the numerical differences of  
'1=4.3-17.3% for steel 50G2 is observed; '1=4.5-16.7% for steel 40H; '1=2.6-13.1% for steel 38HGN. Minimal 
divergence of ɄS is set with the value (1+ɄG)0.5: '3=0.9-13.4% for steel 50G2; '3=0.9-12.9% for steel 40H;  
'3=2.9-9.6% for steel 38HGN. 
2. Discrepancy '2 experimental and calculated by (8) values of tensile strength makes 1.8-12.9% that can be 
considered acceptable to assess the relationship strength parameters considered and similar steels.. At calculations for 
the specified formulas ıf=ɄS0.5 ıy and ıf=(1+ɄG)0.5Vy  the discrepancy decreases to 1.2-6.0% and 0.04-4.4%. 
3. General conclusions 
1. The interrelation between the strength parameters considered and similar steels can be set by the criteria of 
tensile strain ɄG, relative narrowing Ʉ\ and their joint account when using dependences (3), (4), (5). 
2. The coefficient (criterion) of plasticity of ɄG  can be considered as the coefficient of proportionality 
between hardness and tensile strength. 
3. Estimated qualitative analogy indicators of strain hardening and tribo-strain hardening confirmed quite 
satisfactory compliance calculated by (7) and experimental values ıf It can serve as the basis for the partial 
micrometal Dɚ as a relative necking of rough friction surfaces. 
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